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SIGNIFICANT ACCOMPLISHMENTS FOR FY-84: 
Although the  large-scale  Richardson number i n  the  e a r t h ' s  a t m o -  
sphere is  genera l ly  l a rge ,  on the  mesoscale i t  may not be large.  
modes of i n s t a b i l i t y  (of a thermal wind) whose hor izonta l  l ength  is  of 
mesoscale s i z e  may be important i n  organizing convection i n  c e r t a i n  
s i t u a t i o n s .  This  has been discussed by numerous au thors .  Furthermore, 
ba roc l in i c  i n s t a b i l i t y  o t  small R i  may be important i n  atmospheres of 
p lane ts  with i n t e r i o r  hea t ing  combined with d i f f e r e n t i a l  s o l a r  hea t ing ,  
and i n  p a r t i c u l a r ,  it must be considered a p l aus ib l e  explanat ion f o r  t h e  
ex is tence  of the  banded s t r u c t u r e  of J u p i t e r ' s  and Sa turn ' s  cloud 
pa t te rns .  
Baroc l in ic  i n s t a b i l i t y  at s m a l l  R i  c o n s i s t s  of competit ion between 
symmetric (Solberg) modes, zonal (Eady) modes, and possibly o the r  modes 
whose o r i e n t a t i o n  is  ne i the r  symmetric nor zonal. There have he re to fo re  
been huge gaps i n  our knowledge of t he  physics of the  f i r s t  two modes 
except f o r  spec ia l  cases. There have been no inves t iga t ions  of t he  
p o s s i b i l i t y  of the  t h i r d  case,  except f o r  modes t h a t  are near ly  
symmetric. 
the  f u l l y  nonl inear  development and e q u i l i b r a t i o n  of any of these  
modes. 
I n  FY-84 t h r e e  s t e p s  have been taken t o  c o r r e c t  these  de f i c i enc ie s  
i n  our  knowledge. F i r s t ,  a study of the  f u l l y  nonl inear  development and 
ene rge t i c s  of the  symmetric modes was completed. The nonl inear  e f f e c t s  
were q u i t e  s t rong and, i n  some senses,  surpr i s ing .  A journa l  ar t ic le  on 
t h i s  work has been accepted f o r  publ ica t ion .  Secondly, a s tudy of the  
dependency of t he  energe t ics  of the  s p e t r i c  modes upon the  physical  
parameters has been completed. A paper descr ibing t h i s  work i s  i n  the  
f i n a l  e d i t  s tage  and w i l l  soon be submitted f o r  publ ica t ion .  
Hence, 
F i n a l l y ,  u n t i l  our work t h e r e  have been no inves t iga t ions  of 
FOCUS OF CURRENT RESEARCH ACTIVITIES: 
Thi rd ly ,  a l i n e a r  study of t he  f u l l y  three-dimensional poss ib i l i -  
t ies and of the  small Ri Eady modes is  underway. This includes an 
a n a l y s i s  of the  energe t ics .  
su rp r i se s  and ind ica t e  t h a t  t h i s  system is  a r i c h  one indeed. 
The r e s u l t s  thus f a r  have shown many 
PLANS FOR FY-85: 
The three-dimensional l i n e a r  study will be completed, which w i l l  
include an ana lys i s  of the  ene rge t i c s  of the  f a s t e s t  growing modes. 
Work w i l l  begin on developing a f u l l y  nonl inear  three-dimensional model. 
J 
21 
https://ntrs.nasa.gov/search.jsp?R=19840026763 2020-03-22T11:02:39+00:00Z
RECOMMENDATIONS FOR N E W  RESEARCH: 
Although t h e  e n e r g e t i c  analys'is of t h e  three-dimensional l i n e a r  
model w i l l  g i v e  some i n d i c a t i o n  of t he  results of competit ion between 
var ious modes, a f u l l y  nonl inear  three-dimensional model is required t o  
determine t h e  condi t ions under which ( f o r  example) t he  symmetric modes 
are dominant. The development of such a model should be supported. I n  
conjunction with three-dimensional c a l c u l a t i o n s  t o  determine the 
p re fe r r ed  modes, t h e  c u r r e n t  two-dimensional model should be modified t o  
include the zonal modes and used t o  i n v e s t i g a t e  highly nonl inear  flows, 
including t r a n s i t i o n  t o  chaos. 
Analysis of s a t e l l i t e  and rawinsonde d a t a  of mesoscale systems 
should i n v e s t i g a t e  p o s s i b l e  e f f e c t s  of t he  symmetric modes i n  e a r t h ' s  
troposphere. Analysis of meteorological d a t a  of p l a n e t a r y  atmospheres 
( J u p i t e r  and Saturn i n  p a r t i c u l a r )  should include such i n v e s t i g a t i o n s  as 
w e l l .  
f u r t h e r  pursued, using the  apparatus  c u r r e n t l y  operat ing.  (See t h e  
r e p o r t  by Miller and Fowlis herein.)  
Laboratory i n v e s t i g a t i o n s  of small Ri b a r o c l i n i c  flows should be 
PUBLICATIONS SINCE JUNE 1983: 
T. L. Miller: The S t r u c t u r e s  and Energet ics  of F u l l y  Nonlinear Symmet- 
r ic  Barocl inic  Waves. J. F l u i d  Mech., i n  press  (1984). 
T. L. Miller: On t h e  Ene rge t i c s  and Non-hydrostatic Aspects of Symmet- 
r i c  Barocl inic  I n s t a b i l i t y .  To be submitted t o  J. Atmos. Sei .  
22 
